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INFRARED SENSOR RESPONSE 
CALIBRATION USING ATMOSPHERIC 
LIMB EMISSION MEASUREMENTS 

FIELD OF THE INVENTION 

The invention relates generally to the calibration of infra 
red sensors, and more particularly to a method of calibrating 
an infrared sensor positioned in orbit above a celestial body 
using atmospheric limb emission measurements. 

BACKGROUND OF THE INVENTION 

Infrared sensors are used onboard orbiting platforms (e.g., 
satellites) for a variety of applications. These sensors must 
be periodically calibrated. This is especially important When 
the sensors are used onboard platforms scheduled for long 
deployment. Currently, an onboard calibrated reference 
emission source must be provided and used for sensor 
calibration. The reference emission source must be a stable 
source and/or requires monitoring. Further, stable optical 
path(s) used by these sensors to vieW the reference emission 
source must be provided. The reference emission system 
must be calibrated on the ground and then mounted to 
Withstand the severe launch stresses it Will experience and in 
a Way that alloWs it to exhibit the same performance in orbit 
as during its ground calibration. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a method of calibrating an infrared sensing device. 

Another object of the present invention is to provide a 
method of calibrating an infrared sensing device in an 
orbiting vehicle. 

Yet another object of the present invention is to provide an 
accurate long-term method of calibrating an orbiting infra 
red sensing device. 

Still another object of the present invention is to provide 
a method of calibrating an orbiting vehicle’s infrared sens 
ing device Without the use of an onboard reference source. 

Other objects and advantages of the present invention Will 
become more obvious hereinafter in the speci?cation and 
draWings. 

In accordance With the present invention, a method is 
presented for calibrating an infrared sensing device. The 
method uses an infrared sensing device in an orbit above a 
celestial body (e.g., earth) having an atmosphere and a 
knoWn gravitational ?eld. The infrared sensing device is 
focused at an atmospheric limb region of the atmosphere. 
The infrared sensing device is used to measure a signal 
pro?le (i.e., a signal as a function of the sensor’s elevation 
angle) proportional to radiance emission from the atmo 
spheric limb region in each of a plurality of spectral band 
pass regions. The radiance emission from each of the 
spectral bandpass regions is primarily due to a gas in the 
atmospheric limb region. The gas must 1) have a knoWn 
mixing ratio as a function of pressure, 2) cause spectral 
opacity to be different for each spectral bandpass region, and 
3) for at least one of the spectral bandpass regions, cause 
spectral opacity to be non-linearly proportional to concen 
tration of the gas in the atmospheric limb region over at least 
a portion of the signal pro?le. A temperature/pressure pro?le 
indicative of the signal pro?les is determined. This 
temperature/pressure pro?le is indicative of absolute radi 
ance emission from the atmospheric limb region, Which is 
then used as a calibrated external source for calibrating the 
infrared sensing device. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present 
invention Will become apparent upon reference to the fol 
loWing description of the preferred embodiments and to the 
draWings, Wherein corresponding reference characters indi 
cate corresponding parts throughout the several vieWs of the 
draWings and Wherein; 

FIG. 1 is a schematic representation of earth limb geom 
etry used in the method of calibrating an infrared sensing 
device in accordance With the present invention; 

FIG. 2 is a block diagram of the system used to carry out 
the method of the present invention; and 

FIG. 3 is a top level How diagram of the steps used to 
determine the temperature/pressure pro?le of the atmo 
spheric limb region in accordance With one embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to the draWings, and more particularly to 
FIG. 1, an orbiting vehicle 10 such as a satellite is shoWn at 
a point in its orbit 11 about the earth 100. While the present 
invention Will be described by Way of example using the 
earth and its atmosphere, it is to be understood that the 
method of the present invention can be employed using any 
celestial body having an atmosphere and a knoWn gravita 
tional ?eld. As is Well knoWn in the art, a celestial body’s 
gravitational ?eld can be determined using orbital mechan 
ics and position of the orbiting vehicle. 

In terms of the present invention, simplicity as Well as the 
best calibration accuracy are achieved When an atmospheric 
limb region 12 used in the calibration process exhibits 
spherical uniformity at the pressure levels therein. This is 
true for the earth 100 or any other celestial body. For the 
earth, such atmospheric conditions are common. For 
example, such conditions occur nearly continuously in the 
stratosphere over more tropical portions of the earth Which 
typically lie betWeen the earth’s 20° north and 20° south 
latitude lines. The appropriate atmospheric conditions are 
also very common at other latitudes and seasons as Well as 
in other atmospheric regions such as the troposphere and 
mesosphere. 
One system that could be maintained onboard orbiting 

vehicle 10 for carrying out the present invention is illus 
trated in FIG. 2. An infrared sensing device to be calibrated 
by the present invention is referenced by numeral 20 in 
FIGS. 1 and 2. Infrared sensing device 20 (e.g., any con 
ventional single infrared sensor or plurality of infrared 
sensors operating simultaneously or sequentially) has a 
knoWn ?eld-of-vieW 22 that is focused on a portion of 
atmospheric limb region 12. Infrared sensing device 20 can 
be a linear-response instrument or a non-linear response 
instrument that is accurately calibrated for linearity. 

Acontroller 24 is coupled to infrared sensing device 20 to, 
for example, cause ?eld-of-vieW 22 to be scanned through a 
range of elevation angle 14 (i.e., measured With respect to a 
line 15 passing through vehicle 10 and the center 101 of 
earth 100) so that a large portion of interest of atmospheric 
limb region 12 is considered by the present invention. 
HoWever, if the portion of interest can be adequately 
imaged/captured by ?eld-of-vieW 22, the signal pro?le can 
be measured Without such scanning. It has been found that 
at the vertical altitude Z (i.e., measured perpendicular to the 
tangent that ?eld-of-vieW 22 makes With atmospheric limb 
region 12), a resolution h of ?eld-of-vieW 22 projected along 
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its vieW direction to atmospheric limb region 12 should be 
less than approximately 10 kilometers. Given adequate 
signal strength, smaller values of resolution h provide more 
accurate results. Note that the absolute accuracy of vertical 
altitude Z is not that critical as long as measurements are 
made in atmospheric limb region 12 and resolution h is 
accurately knoWn. 

Since infrared sensing device 20 is uncalibrated, it mea 
sures signals as a function of elevation angle 14 proportional 
to radiance emission from atmospheric limb region 12 
falling in the projection h of ?eld-of-vieW 22 on atmospheric 
limb region 12. Thus, the measured signals as a function of 
vertical altitude Z in atmospheric limb region 12 provide a 
signal pro?le that is proportional to the radiance emission 
pro?le as a function of vertical altitude Z. 

Signal pro?les must be developed for at least tWo spectral 
bandpass regions in Which a gas of knoWn mixing ratio as a 
function of pressure is the primary cause of radiance emis 
sion from atmospheric limb region 12. The greater the 
number of spectral bandpass regions evaluated, the greater 
the calibration accuracy With the tradeoff of greater instru 
ment and computational complexity. To develop signal 
pro?les for a plurality of spectral bandpass regions, infrared 
sensing device 20 is coupled to a spectral bandpass signal 
pro?le generator 26 Which can be implemented in a variety 
of Ways. For example, signal pro?le generator 26 could 
embody different spectral ?lters. Alternatively, incoming 
radiation could be optically split and directed to different 
detectors, each of Which could be sensitive to a different 
spectral bandpass region. Accordingly, it is to be understood 
that the method/system for generating the signal pro?les in 
the different spectral bandpass regions is not a limitation of 
the present invention. Likewise, the spectral resolution of 
the bandpass is not a limitation of the present invention. For 
example, effective bandpasses can be constructed from high 
resolution systems during data processing that provide the 
necessary spectral conditions of opacity and speci?c gas 
emission. 

In addition to knoWing the gas’s mixing ratio as a function 
of pressure, the spectral opacity due to the gas must be 
different for each of the spectral bandpass regions. Also, 
spectral opacity must be non-linearly proportional to the 
gas’s concentration for at least one of the spectral bandpass 
regions over at least a portion of the measured signal pro?le. 

For the illustrative earth example used to describe the 
present invention, a number of gases satisfy the above-noted 
criteria. These gases include, but are not limited to, carbon 
dioxide (CO2) and oxygen (O2) in the troposphere and 
stratosphere, and nitrous oxide (N20) and methane (CH4) in 
certain regions of the troposphere. For other celestial bodies, 
other gases could be used as long as the above-described 
mixing ratio and spectral requirements Were met. 

The signal pro?les for the plurality of spectral bandpass 
regions are processed by a processor 30 to output a 
temperature/pressure pro?le that, as is knoWn in the art, is 
indicative of the absolute radiance emission from atmo 
spheric limb region 12 given mixing ratio and spectral 
properties of the emission source. The absolute radiance 
emission is used as the reference emission source for cali 
brating infrared sensing device 10. 

Processor 30 can be programmed in a variety of Ways to 
determine the temperature/pressure pro?le using the signal 
pro?les for the plurality of spectral bandpass regions. In 
general, since celestial atmospheres such as the earth’s 
atmosphere characteristically have temperature/pressure 
pro?les that are in hydrostatic equilibrium oWing to require 
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4 
ments of atmospheric physics and the universal gas laW, 
there is a temperature/pressure pro?le indicated by (or 
corresponding to) the measured signal pro?les associated 
With all of the spectral bandpass regions. Thus, it is the task 
of processor 30 to ?nd a temperature/pressure pro?le “solu 
tion” that is indicative of the measured signal pro?les. Note 
that, in practice, the existence of measurement and other 
systematic errors mean that a small range of solutions Will 
be indicative of the measured signal pro?les. HoWever, it has 
been found that this small range of solutions induces insig 
ni?cant errors in the calibration objective When the above 
described conditions of the process are folloWed. 
Accordingly, any solution in the small range is a 
temperature/pressure pro?le that is indicative of the mea 
sured signal pro?les. 
By Way of example, one method of solving for the 

temperature/pressure pro?le given measured signal pro?les 
for a plurality of spectral bandpass regions Will noW be 
described With the aid of FIG. 3. While a variety of other 
methods can be used, this method has the advantage of being 
independent of calibration constants and, therefore, does not 
require iterative retrieval of calibration constants. 
As a ?rst step, the logarithm of the signal pro?le for each 

spectral bandpass region is taken at step 50. The resulting 
logarithmic signal pro?les (“LOG(signal pro?les)”) are dif 
ferentiated at step 52 With respect to vertical altitude Z in 
atmospheric limb region 12. This mathematically removes 
the dependence on calibration constants. 
The differentiated logarithmic signal pro?les (“DIF(LOG 

(signal pro?les))”) are then used in an iterative process at 
step 54 to search for the temperature/pressure pro?le satis 
fying the measured signal pro?les. For example, for a ?rst of 
the spectral bandpass regions, a succession of temperature/ 
pressure pro?les can be passed to a model that calculates a 
corresponding succession of radiance pro?les at step 540. 
Step 540 could be carried out as folloWs. At vertical altitudes 
Z1 and Z2 Where all spectral bandpass regions exhibit linear 
opacity, guesses are made for corresponding pressures P1 
and P2 to thereby uniquely de?ne a mean temperature T 
betWeen Z1 and Z2 due to the hydrostatic relationship 
betWeen P1 and P2. The radiance pro?les at Z1 and Z2 are 
then modeled. The logarithm of each radiance pro?le is 
formed and differentiated at step 542 (“DIF(LOG(radiance 
pro?les))”) in order to be in the same format as the output 
from step 52. The search process at step 544 Would then 
simply involve iteratively modifying the temperature/ 
pressure pro?le (by modifying P2) until the resulting differ 
entiated logarithmic radiance pro?les closely matched the 
differentiated logarithmic signal pro?les from step 52. This 
process is repeated for successively loWer vertical altitudes 
for the ?rst of the spectral bandpass regions. Once a 
temperature/pressure pro?le has been found for the ?rst of 
the spectral bandpass regions, the differentiated logarithmic 
radiance pro?les (“DIF(LOG(radiance pro?les))”) are mod 
eled for the other spectral bandpass regions and are com 
pared to the corresponding differentiated logarithmic signal 
pro?les (“DIF(LOG(signal pro?les))”). The pressure P1 is 
changed and the complete process is repeated until the value 
of P1 is found that gives the best comparison. The ?nal 
iteration establishes the solution temperature/pressure pro 
?le. The above-described process has been used succes 
sively in tests of the present invention using actual satellite 
data. 

While the above-described solution search has the advan 
tage of being independent of calibration constants, it is to be 
understood that a variety of solution methods can be used to 
determine a temperature/pressure pro?le most indicative of 
the signal pro?les measured by infrared sensing device 20. 
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The advantages of the present invention are numerous. 
Absolute calibration of an orbiting infrared sensing device is 
achieved using radiance emission from a celestial body’s 
atmospheric limb. Thus, orbiting infrared sensing devices 
can noW be calibrated accurately Without the need for any 
onboard reference emission source or, therefore, any of the 
equipment used to monitor, mount, stabiliZe, etc. such an 
onboard reference emission source. No special optical vieW 
ing path need be provided for calibration as the sensing 
device can be continuously calibrated through its normal 
vieWing con?guration. Arrays of similar orbiting devices 
can be cross-calibrated using a common external source. 

An infrared sensing device calibrated in accordance With 
the present invention can be used in a variety of Ways. In the 
case Where a high-emissivity on-board reference emission 
source is still included, the calibrated infrared sensing device 
can be used to infer output temperature of the reference 
emission source and, therefore, effectively calibrate the 
reference emission source. This then eliminates the need for 
laboratory calibration of the reference emission source and/ 
or the need for stability of the reference emission source. 

Although the invention has been described relative to a 
speci?c embodiment thereof, there are numerous variations 
and modi?cations that Will be readily apparent to those 
skilled in the art in light of the above teachings. For 
example, the number of spectral bandpass regions used can 
be increased or decreased as accuracy or computational 
ef?ciency requirements dictate. Because the present inven 
tion Works independently of the particular gas, the present 
invention Works With a variety of different infrared sensing 
devices. Further, the present invention can be used even in 
atmospheric limb regions that do not exhibit spectral uni 
formity. In such instances, an array of measured signal 
pro?les in correspondence With atmospheric pressure gra 
dients Would have to be measured/processed. It is therefore 
to be understood that, Within the scope of the appended 
claims, the invention may be practiced other than as spe 
ci?cally described. 
What is claimed as neW and desired to be secured by 

letters patent of the united states is: 
1. A method of calibrating an infrared sensing device, 

comprising the steps of: 
providing an infrared sensing device in an orbit above a 

celestial body having an atmosphere and a knoWn 
gravitational ?eld; 

focusing said infrared sensing device at an atmospheric 
limb region of said atmosphere; 

measuring, using said infrared sensing device, a signal 
pro?le proportional to radiance emission from said 
atmospheric limb region in each of a plurality of 
spectral bandpass regions, Wherein said radiance emis 
sion from each of said plurality of spectral bandpass 
regions is primarily due to a gas in said atmospheric 
limb region, said gas having a knoWn mixing ratio as a 
function of pressure, Wherein spectral opacity due to 
said gas is different for each of said plurality of spectral 
bandpass regions, and Wherein, for at least one of said 
plurality of spectral bandpass regions, said spectral 
opacity is non-linearly proportional to concentration of 
said gas in said atmospheric limb region over at least a 
portion of said signal pro?le; 

determining a temperature/pressure pro?le that is indica 
tive of said signal pro?les, Wherein said temperature/ 
pressure pro?le is indicative of absolute radiance emis 
sion from said atmospheric limb region; and 

using said absolute radiance emission to calibrate said 
infrared sensing device. 
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2. A method according to claim 1 Wherein said infrared 

sensing device has a knoWn ?eld-of-vieW, and Wherein said 
step of measuring includes the step of scanning said infrared 
sensing device through a vertical elevation angle such that 
said knoWn ?eld-of-vieW traverses said atmospheric limb 
region. 

3. A method according to claim 2 Wherein said knoWn 
?eld-of-vieW has a vertical resolution that is less than 
approximately 10 kilometers When said knoWn ?eld-of-vieW 
is projected to said atmospheric limb region. 

4. A method according to claim 1 Wherein said celestial 
body is the earth. 

5. A method according to claim 4 Wherein said gas is 
selected from the group consisting of carbon dioxide, 
oxygen, nitrous oxide and methane. 

6. A method according to claim 1 Wherein said atmo 
spheric limb region exhibits spherical uniformity at pressure 
levels Within said atmospheric limb region. 

7. A method according to claim 1 Wherein said celestial 
body is the earth and said atmospheric limb region is 
selected from the group consisting of the stratosphere, 
troposphere and mesosphere. 

8. A method according to claim 1 Wherein said step of 
determining comprises the steps of: 

taking the logarithm of said signal pro?les to form a 
corresponding plurality of logarithmic signal pro?les; 

differentiating, With respect to altitude in said atmospheric 
limb region, each of said plurality of logarithmic signal 
pro?les to form a corresponding plurality of differential 
logarithmic signal pro?les; and 

using said plurality of differential logarithmic signal pro 
?les to determine said temperature/pressure pro?le that 
is uniquely indicative of said signal pro?les. 

9. A method of calibrating an infrared sensing device, 
comprising the steps of: 

providing an infrared sensing device above the earth; 
focusing said infrared sensing device at an atmospheric 

limb region in the stratosphere that exhibits spherical 
uniformity at all pressure levels thereof; 

measuring, using said infrared sensing device, a signal 
pro?le proportional to radiance emission from said 
atmospheric limb region in each of a plurality of 
spectral bandpass regions, Wherein said radiance emis 
sion from each of said plurality of spectral bandpass 
regions is primarily due to a gas in said atmospheric 
limb region, said gas having a knoWn mixing ratio as a 
function of pressure, Wherein spectral opacity due to 
said gas is different for each of said plurality of spectral 
bandpass regions, and Wherein, for at least one of said 
plurality of spectral bandpass regions, said spectral 
opacity is non-linearly proportional to concentration of 
said gas in said atmospheric limb region over at least a 
portion of said signal pro?le; 

determining a temperature/pressure pro?le that is indica 
tive of said signal pro?les, Wherein said temperature/ 
pressure pro?le is indicative of absolute radiance emis 
sion from said atmospheric limb region; and 

using said absolute radiance emission to calibrate said 
infrared sensing device. 

10. A method according to claim 9 Wherein said infrared 
sensing device has a knoWn ?eld-of-vieW, and Wherein said 
step of measuring includes the step of scanning said infrared 
sensing device through a vertical elevation angle such that 
said knoWn ?eld-of-vieW traverses said atmospheric limb 
region. 

11. A method according to claim 10 Wherein said knoWn 
?eld-of-vieW has a vertical resolution that is less than 
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approximately 10 kilometers When said known ?eld-of-vieW 
is projected to said atmospheric limb region. 

12. A method according to claim 9 Wherein said gas is 
selected from the group consisting of carbon dioxide and 
oxygen. 

13. A method according to claim 9 Wherein said step of 
determining comprises the steps of: 

taking the logarithm of said signal pro?les to form a 
corresponding plurality of logarithmic signal pro?les; 

differentiating, With respect to altitude in said atmospheric 
limb region, each of said plurality of logarithmic signal 
pro?les to form a corresponding plurality of differential 
logarithmic signal pro?les; and 

using said plurality of differential logarithmic signal pro 
?les to determine said temperature/pressure pro?le that 
is uniquely indicative of said signal pro?les. 

14. A method of calibrating an infrared sensing device, 
comprising the steps of: 

providing an infrared sensing device above the earth, 
Wherein said infrared sensing device has a knoWn 
?eld-of-vieW; 

scanning said infrared sensing device through a vertical 
angle such that said knoWn ?eld-of-vieW traverses an 
atmospheric limb region above the earth; 

measuring, using said infrared sensing device, a signal 
pro?le proportional to radiance emission from said 
atmospheric limb region in each of a plurality of 
spectral bandpass regions, Wherein said radiance emis 
sion from each of said plurality of spectral bandpass 
regions is primarily due to a gas in said atmospheric 
limb region, said gas having a knoWn mixing ratio as a 
function of pressure, Wherein spectral opacity due to 
said gas is different for each of said plurality of spectral 
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bandpass regions, and Wherein, for at least one of said 
plurality of spectral bandpass regions, said. spectral 
opacity is non-linearly proportional to concentration of 
said gas in said atmospheric limb region over at least a 
portion of said signal pro?le; 

taking the logarithm of said signal pro?les to form a 
corresponding plurality of logarithmic signal pro?les; 

differentiating, With respect to altitude in said atmospheric 
limb region, each of said plurality of logarithmic signal 
pro?les to form a corresponding plurality of differential 
logarithmic signal pro?les; 

determining a temperature/pressure pro?le that is indica 
tive of said signal pro?les based on said plurality of 
differential logarithmic signal pro?les, Wherein said 
temperature/pressure pro?le is indicative of absolute 
radiance emission from said atmospheric limb region; 
and 

using said absolute radiance emission to calibrate said 
infrared sensing device. 

15. A method according to claim 14 Wherein said knoWn 
?eld-of-vieW has a vertical resolution that is less than 
approximately 10 kilometers When said knoWn ?eld-of-vieW 
is projected to said atmospheric limb region. 

16. A method according to claim 14 Wherein said gas is 
selected from the group consisting of carbon dioxide, 
oxygen, nitrous oxide and methane. 

17. A method according to claim 14 Wherein said atmo 
spheric limb region exhibits spherical uniformity at pressure 
levels Within said atmospheric limb region. 

18. A method according to claim 14 Wherein said atmo 
spheric limb region is selected from the group consisting of 
the stratosphere, troposphere and mesosphere. 

* * * * * 


